Evidence for a bystander role of neutrophils in the response to systemic 5-aminolevulinic acid-based photodynamic therapy.
A significant increase in the number of circulating and tumour neutrophils immediately after therapy was observed while investigating the increase in response of tissues to aminolevulinic acid-based photodynamic therapy (ALA-PDT) using a twofold illumination scheme with a prolonged dark interval. The action of (tumour) neutrophils is an important therapeutic adjunct to the deposition of singlet oxygen within the treatment volume, for many photosensitizers. It is not known if those phagocytes contribute to the improved outcome of ALA-PDT. In this study we investigated the role of neutrophils in the response to PDT using systemic ALA with and without light fractionation. Rhabdomyosarcoma, transplanted in the thigh of female WAG/Rij rats were illuminated transdermally using 633 nm light following i.v. administration of 200 mg/kg ALA. The pharmacokinetics of protoporphyrin IX (PpIX) within the tumour tissue during therapy were determined to compare with that observed in other models for topical administration of ALA. PDT was performed under immunologically normal or neutropenic conditions using various illumination schemes. The number of neutrophils in tumour and in the circulation were determined as a function of time after treatment and compared with growth delay of each scheme. Fluorescence spectroscopy revealed similar pharmacokinetics of PpIX to those observed during and after topical ALA-PDT. The number of neutrophils within the illuminated tumour and in the circulation increased significantly following therapy. This increase in the number of neutrophils was associated with an increase in the efficacy of therapy: the more effective the therapy the greater the increase in tumour and blood neutrophils. Administration of anti-granulocyte serum treatment prevented the influx of neutrophils after ALA-PDT, but did not lead to a significant decrease in the efficacy of the PDT treatment on the growth of the tumour for any illumination scheme investigated. These results indicate that the magnitude of damage inflicted on the tumour by ALA-PDT does not depend on the presence of neutrophils in the tumour or circulation and that the role of neutrophils in ALA-PDT is much less important than in PDT using other photosensitizers. These data contribute to the understanding of the mechanism of response of tissue to systemic ALA-PDT.